Background: FT3 levels in plasma may provide a marker for liver status in cirrhosis. Aim: The aim is to correlate thyroid functions with hepatic status in compensated and decompensated cirrhosis, and to study their effect on development of HCC. Settings and Design: Prospective controlled cohort study. A total of 58 patients with liver cirrhosis were recruited from Kasr AlAiny ER and outpatient clinics. Patients were categorised into compensated (11), decompensated (39) and patients with hepatocellular carcinoma (8). The study also included 12 healthy controls. Methods and Material: Liver function tests, TSH, FT4 and FT3 and abdominal ultrasound and triphasic computed tomography abdominal scans were done. Statistical Analysis Used: Chi-square and unpaired t-tests were used for comparison. One way ANOVA and Kruskal Wallis tests were used to compare more than two groups. Spearman Correlation followed by logistic regression analysis of significant variables was used to find predictors of dependent variables. Results: The frequency of patients with low FT3 was significantly higher in patients with liver cirrhosis (48%), and HCC (50%) than control subjects (12%) (p-value < 0.001). Mean serum FT3 was lowest among decompensated patients (2 pg/ml ± 0.7), followed by patients with HCC (2.5 pg/ml ± 0.7) and highest among compensated patients (3.7 pg/ml ± 0.4), p-value < 0.001. Logistic regression analysis showed that low FT3, male gender, ulcer bleeding and encephalopathy were independently associated with the development of HCC (OR, 95% CI: 1.1, 0.3 -8). Conclusions: Low FT3 is common among patients with decompensated liver cirrhosis and HCC. FT3 shows a significant negative * Corresponding author.
Introduction
Thyroid hormones are general regulators of tissue metabolism; however, a unique relation with hepatocytes exists. The liver in turn metabolises thyroid hormones and regulates their systemic functions [1] .
Low FT3 (free triiodothyronine) is the most frequent disruption encountered in routine screening of thyroid functions in patients with liver cirrhosis. This reflects a reduction in type 1 deiodinase activity, reduced T4 (thyroxine) conversion to T3 and compensatory shift to T4 conversion to rT3 (reversed T3) by type 3 deiodinase [2] .
This reduction in FT3 levels may reflect a compensatory hypothyroid state in patients with liver cirrhosis that tunes down hepatocytes' metabolism which may help to preserve liver functions and conserve body protein stores [1] . The prognostic value of low FT3 in liver cirrhosis and its link to encephalopathy have been recognized for a long time [3] . Low serum T3 level is found to be an indicator of poor prognosis for hepatic encephalopathy [4] . However, it is seldom used in spite of its simplicity and low cost.
Overt hypothyroidism has been indirectly linked to HCC (hepatocellular carcinoma) on top of non-alcoholic steatohepatitis [5] [6] . In a previous study, a significantly elevated risk association is found between long term history of hypothyroidism and HCC in women [7] . However, a clear association of abovementioned thyroid derangement with HCC development has not been studied in patients with liver cirrhosis.
The aim of this work was to study to correlate thyroid functions with hepatic status in compensated and decopensated cirrhosis and to determine the effect of thyroid dysfunction in development of HCC.
Methods

Subjects
The study presents a prospective cohort. Patients with non-alcoholic liver cirrhosis, aged between 35 and 65 years were recruited from Kasr Alainy outpatient clinics over three months. Patients were consecutively recruited irrespective to the presenting symptom, hepatic status and presence of complications. Patients with history of head and neck irradiation, known (concurrent or past) extra-hepatic primary tumours or any type of primary liver cancer other than HCC, positive family history of cancer, or primary thyroid disorders were all excluded. A total of 58 patients with liver cirrhosis met the criteria and were included. Decompensated patients were admitted to wards of the internal medicine or to the intensive care according to admission protocols. Patients were followed up till discharge or mortality.
Liver function tests, TSH (thyroid stimulating hormone), FT4 and FT3 and abdominal ultrasound and triphasic computed tomography abdominal scans were done. Lipid profile was done to all patients. The patients were accordingly categorised into three groups: 39 patients with decompensated liver cirrhosis, 11 patients with compensated liver cirrhosis, 8 patients with HCC. The study included 12, age and gender matched healthy controls.
Hormone Assays
Hormone assays of TSH, FT3 and FT4 was carried out using electro-chemiluminescence immunoassay (ECLIA) on Cobas e411 (Roche Diagnostics International Ltd, Switzerland). Thyroid dysfunction was determined according to normal values by the manufacturer: TSH at 0.72 -4.2 uiu/ml, FT4 at 0.93 -1.7 ng/dL and FT3 at 2.57 -4.43 pg/ml. classification of patients according to the thyroid profile was done following the guidelines of the National Academy of Clinical Biochemistry (NACB) for laboratory diagnosis and monitoring of thyroid diseases [8] .
Ethical Consideration
A written informed consent was obtained from all participants or, if patients were unable to provide consent, from designated surrogates. Confidentiality of data, safe data storage and privacy rights are respected by all who handle patient information. Data was coded and patient names or identity was obscure in all data collection forms and during statistical analysis.
Statistical Methodology
Analysis of data was done by IBM computer using SPSS (statistical program for social science version 12) as follows: TSH, FT3 and FT4 were used both as continuous and categorical variables. Normal laboratory values were used to form categories for abnormal thyroid functions, e.g. "Low FT3", "High TSH". Description of quantitative variables as mean, SD and range. Description of qualitative variables was done as number and percentage. Chi-square test was used to compare qualitative variables between groups. Unpaired t-test was used to compare quantitative variables, in parametric data (SD < 50% mean). Mann Whitney Willcoxon U test was used in non parametric data instead of unpaired t-test. One way ANOVA (analysis of variance) was used to compare more than two groups as regard quantitative variable. Kruskal Wallis test was used instead of ANOVA test in non parametric data SD > 50% mean. Spearman Correlation test was used to rank variables versus each other positively or inversely. Logistic regression analysis was used to find out the significant independent predictors of dependent variable by backward likelihood ratio technique. p-value > 0.05 was considered as insignificant, p < 0.05 as significant and p < 0.01 as highly significant.
Results
As regards general data, all groups had similar age and gender distribution, which was also matching with the control group ( Table 1) .
The frequency of various presenting complications of liver cirrhosis was analysed in decompensated patients (Figure 1) . SBP was the presenting complication in 5 patients, encephalopathy in 14 patients, GIT haemorrhage in 18 patients. Abdominal ultrasound revealed splenomegaly in all decompensated patients, and ascites in all but one. Table 2 shows that low FT3 was more frequent among patients with liver cirrhosis as compared to healthy controls with statistically significant difference by using chi-square test. Low FT3 was found in 48% of patients with liver cirrhosis and 50% of patients with HCC, as compared to only 12% in controls (p-value < 0.001). Figure 2 shows that decompensated patients had the lowest level of FT3; while compensated patients had the highest level with statistically significant difference by using one way ANOVA test. Mean serum FT3 was lowest among decompensated patients (2 pg/ml ± 0.7), followed by patients with HCC (2.5 pg/ml ± 0.7) and highest among compensated patients (3.7 pg/ml ± 0.4). This difference was statistically significant, with p-value < 0.001.
On comparing the relative frequencies of thyroid function categories among various groups, the prevalence of low FT3 was highest in decompensated patients (61.5%), followed by HCC patients (50%) versus none of the compensated patients (Figure 3) . This difference was statistically significant with a p-value < 0.001. As seen in Table 3 , other thyroid function abnormalities were matching in frequencies with healthy controls.
On correlation of thyroid functions against other biochemical variables including liver functions and lipid profile, FT3 showed a significant direct correlation with albumin and prothrombin concentration (PC), while an inverse correlation with INR, Figure 4 and Figure 5 respectively. In this study, FT4 level abnormalities were rare and statistically comparable to the control group. Only one patient with liver cirrhosis, hypoalbuminemia and ascites had low FT4. The patient also had low FT3. Elevated FT4 was present in one decompensated patient with low FT3, and one compensated patient with otherwise normal thyroid functions.
Backward likelihood technique of binary logistic regression analysis was done to test the effect of various factors on the incidence of each of the following complications of liver cirrhosis: ascites, SBP (spontaneous bacterial peritonitis), encephalopathy, GIT haemorrhage, HCC. The presence of ascites, male gender and hypoalbuminemia were found to be independently associated with the development of encephalopathy (p-value < 0.05) ( Table 4) .
Hypoalbuminemia and variceal bleeding were found to be independently associated with the development of ascites (p-value < 0.05) ( Table 5) .
Low FT3, male gender, ulcer bleeding and encephalopathy were independently associated with the development of HCC ( Table 6 ). This was evident after adjusting for compounding variables namely splenomegaly, ascites, SBP, encephalopathy, variceal bleeding, liver function tests and lipid profile. Of the 4 independent risk factors for HCC, low FT3 had the greatest contribution to its development, with a beta-coefficient 0.98. This was followed by male gender with a beta-coefficient 0.44, then ulcer bleeding to a lesser degree and lastly encephalopathy.
Discussion
The thyroid function derangements found in this study may be attributed either to a true thyroid dysfunction associated with liver disease or the well established entity of "nonthyroidal illness syndrome (NTIS)" formerly known as sick euthyroid syndrome. These findings agree with previous studies that analysed thyroid dysfunction during critical illness. TSH levels are described to be commonly within the normal range in NTIS but may decrease in prolonged illness. A closer look at these abnormalities is required. In this study, patients with low TSH included 2 patients with decompensated liver cirrhosis. Both had low FT3 and normal FT4. The level of TSH was less than 0.3 but more than 0.05 mU/ml. Only lower TSH levels are associated with true hyperthyroidism in some cases. Such patients fit the definition of NTIS, which is usually found in 60% -70% of critically ill patients [9] .
Also, 2 patients with HCC had low TSH. One had TSH level 0.03 mU/ml, a normal FT4 and low FT3. This can also be attributed to NTIS due to associated low FT3, but later follow up is mandatory due to associated low TSH levels. The other patient had TSH in the range 0.3 -0.05 (0.2 mU/ml), normal FT3 and FT4. This pattern can also be explained by NTIS, although one control subject had almost the same pattern.
On the other hand, all three patients in this study with high TSH had decompensated liver disease. All three had low FT3, and a TSH level <20 mU/ml. This pattern is quite typical of NTIS. Some hospitalized patients have transient elevations in serum TSH concentrations (up to 20 mU/L) during recovery from nonthyroidal illness. Few of these patients prove to have hypothyroidism when re-evaluated after recovery from their illness. Patients with serum TSH concentrations over 20 mU/L usually have permanent hypothyroidism [10] . Two of our patients had TSH >10 mU/ml should require later follow up.
More importantly, the frequency of patients with FT3 lower than the normal range was significantly higher than control subjects. Low FT3 was found in 48% of patients with liver cirrhosis and 50% of patients with HCC, as compared to only 12% in controls (p-value < 0.001). These figures may reflect NTIS, but again, the difference in distribution of low FT3 among patients with liver cirrhosis is clinically relevant.
By analysis of the relative frequencies of abnormal thyroid function among various groups, the prevalence of low FT3 (below the lower limit) was highest in decompensated patients (61.5%), followed by HCC patients (50%) versus none of the compensated patients. This difference was statistically significant with a p-value < 0.001. Other thyroid function abnormalities were matching with frequencies in healthy controls.
Indeed, samples for thyroid function were collected from decompensated patients who required hospital admissions during an acute illness, in the form of SBP, encephalopathy or GIT haemorrhage. While compensated patients were sampled on an outpatient basis.
These results come in agreement with most previous studies. The majority of critically ill patients have low serum T3 concentrations, as do some outpatients during illness [11] .
In addition to lower FT3 levels with clinical decompensation, FT3 also decreases with progression of liver cirrhosis and deterioration of liver function tests. This association of low FT3 with hepatic decompensation and deterioration of liver functions was demonstrated in previous studies [12] - [14] .
It is worthy of note that the single mortality in this study was a patient with the second lowest FT3 level-0.8 pg/ml (normal 2.4 -4.2). The patient had a PC 60%, albumin 1.5, ascites and presented with hepatic encephalopathy. Other patients with hepatic encephalopathy (a total of 16 patients) survived. Hence, the prognostic value of FT3 level, not only in liver disease severity, but also the outcome in acute complications.
The low total and free T3 levels may be regarded as an adaptive hypothyroid state that serves to reduce the basal metabolic rate within hepatocytes and preserve liver function and total body protein stores. A study in cirrhotic patients showed that the onset of hypothyroidism from intrinsic thyroid disease of various etiologies during cirrhosis resulted in a biochemical improvement in liver function (e.g. coagulation profiles) as compared to cirrhotic controls [15] . Hypothyroidism has also been associated with lesser degrees of decompensation in cirrhosis [16] .
The independent association between low FT3 and HCC in the regression model suggests a true association between thyroid dysfunction and HCC, rather than a simple reflection of deterioration in liver functions. Firstly, it had the greatest impact on HCC development. Two complications, ulcer bleeding and encephalopathy had only a minor role. Lastly, all HCC patients were outpatients and not acutely ill. Several previous studies had analysed a similar association with overt hypothyroidism [17] [18] .
A possible role for T3 in suppression of HCC cell invasiveness was suggested in a previous study on HCC cell lines [7] . Thus, the independent association of low FT3 with HCC in this study may suggest that the implication of low T3 is more than an index of hepatic disease and HCC. Prolonged depression of FT3 serum levels in patients with liver cirrhosis appears to have a pathogenic role in HCC development.
Limitations and Further Investigations
In statistical analysis, the impact of TSH and FT4 derangements as well as risk factors for mortality was impossible due to their rare prevalence among the studied sample. Concerning analysis of HCC risk factors, lipid profile was taken into consideration besides clinical and laboratory measures of liver status. Further studies comprising larger samples should adjust for other well established risk factors for HCC as smoking, obesity and diabetes.
The authors conclude that low FT3 is common among patients with decompensated liver cirrhosis and HCC. FT3 shows a significant negative correlation with severity of liver disease and deterioration of liver function. It may serve also as a prognostic factor in critically ill cirrhotic patients. Also, low FT3 shows a significant independent association with HCC.
The authors suggest that serum FT3 level be an index for liver status, as well as a marker for prognosis in hospitalized liver cirrhosis patients. It may be used as a risk factor and a marker for HCC development.
